The risk factors for ischemic heart disease (IHD) in 35 Tibetan highlanders were investigated and compared with those in 30 age-and sexmatched healthy Japanese controls.
SUMMARY
The risk factors for ischemic heart disease (IHD) in 35 Tibetan highlanders were investigated and compared with those in 30 age-and sexmatched healthy Japanese controls.
Although Tibetans had remarkably high hematocrit values, and a decrease of eicosapentaenoic acid in both serum total lipids and serum phospholipid (PL) possibly due to their diet, they were considered to have a low incidence of IHD from our door-todoor study. These positive risk factors are likely counteracted by other negative risk factors as follows; Tibetans rarely exhibited systolic hypertension, and had lower levels of serum cholesterol and serum apolipoprotein (apo) B, and apo B/apo A-I ratio. In addition, Tibetan highlanders showed a decreased level of palmitic acid and an increased level of linoleic acid in serum PL which may protect against atherosclerosis.
Additional
Indexing Table I shows the age, sex and blood pressure profiles of individual Tibetan subjects. Five subjects had diastolic hypertension, while only one 65 year old male (No.26) showed systolic hypertension. Table II shows the blood cell counts of the Tibetans.
Both males and females showed remarkably high hematocrit values. There was no sex difference in the levels of serum lipids or serum apolipoproteins as shown in Table III . It was notable that the serum TC level in the Tibetans was markedly lower than that of the Japanese, whereas no significant difference in the levels of either serum HDL-C or serum TG was found between the Tibetans and Japanese (Table  IV) . The Tibetans showed lower levels of serum apolipoprotein A-I, B, C-II, C-III and E than the Japanese. Among these apolipoproteins, the reduction of apolipoprotein B levels was most marked (Table IV) .
In serum total lipids, the Tibetans showed significantly higher proportions of both palmitic acid (C16:0) and stearic acid (C18:0), and significantly lower proportions of both linoleic acid (C18:2) and C20:5 compared with the Japanese controls (Table V) . Conversely, in serum PL, the C16:0, 018:0 and C20:5 levels were decreased, and the oleic acid (C18:1) and C18:2 levels were increased in the Tibetan highlanders (Table VI) . factor for IHD,12) was within the normal range in all but one Tibetan. The rarity of systolic hypertension was considered to be one of the protective factors against thrombotic vascular diseases. In addition, analysis of serum lipids showed that the serum TC level was significantly lower in Tibetans than in the healthy Japanese, although there were no differences in the levels of serum HDL-C and serum TG. Thus, Tibetans showed the same antithrombotic pattern in the serum lipid levels as observed in other highlanders. 3) This study is the first performed in highlanders on serum apolipoprotein levels and serum fatty acid composition which have been recently emphasized as risk factors for atherosclerotic diseases.6),) Reflecting the serum lipid levels, Tibetans showed a significantly lower serum apolipoprotein B level than the Japanese.
Although the serum apolipoprotein A-I level was higher in the Japanese, the apolipoprotein B/A-I ratio, which is believed to be closely related to IHD,6) was significantly lower in the Tibetans.
Thus, Tibetans seem to have a serum apolipoprotein level advantageous in the prevention of the development of atherosclerosis.
The Tibetans had lower levels of apolipoprotein C-II, C-III and E. This phenomenon may be explained by the postprandial chylomicronemia in Japanese controls.
On the other hand, as for fatty acid composition, the Tibetans showed a discrepancy between serum total lipids and serum PL. Generally, the fatty acid composition in the serum total lipids has a positive correlation with that in the serum PL. However, in the present survey, some types of fatty acids in the serum total lipids did not correlate with those in the serum PL. Although Tibetans had a high proportion of C16:0 and C18:0, and a low proportion of C18:2 in serum total lipids, which are believed to accelerate atherosclerosis,7) they inversely showed a low C16:0 and a high C18:2 in serum PL. The fatty acid composition in serum PL is considered to be important because it has an influence on the structure of cell membranes and, in turn, on the function of membrane enzymes.14) The fatty acid pattern in serum PL, which was observed in Tibetans, is considered to be antithrombotic.
In this study, blood sampling in Tibetans could not always be made in a completely fasted condition because of their eating habits. Therefore, the fatty acid composition in the serum total lipids was considered to be related to their diet which is rich in saturated fatty acids. In spite of the thrombogenic fatty acid pattern in serum total lipids, the high proportion of unsaturated fatty acids in serum PL suggests that some defense mechanism functions in fatty acid metabolism against the development of atherosclerosis in Tibetan highlanders living under hypoxic conditions. As for C20:5, a low proportion of C20:5 was observed in both serum total lipids and serum PL, possibly because the Tibetans rarely eat fish. Since the epidemiological survey in Eskimos was published by Dyerberg et al,8) many studies on C20:5 have indicated that the high level of serum C20:5 has many benefits, including protection against thrombotic vascular diseases,15)-17) However, whether administration of C20:5 will really decrease the incidence of IHD remains to be proven. Considering this survey, unlike with other fatty acids, Tibetans seemed to have no mechanism to increase the proportion of C20:5 in the serum PL fraction in spite of the low proportion in serum total lipids. In Tibetans, who have a markedly different pattern of diet from that of Eskimos, an increase of serum C20:5 might not be important in preventing IHD.
In conclusion, if further epidemiological evidence for the lower incidence of IHD in Tibetans is accumulated, it may be explained by a low apolipoprotein B/A-I ratio as well as by the rarity of systolic hypertension and the low level of serum total cholesterol. The low proportion of saturated fatty acids and the high proportion of unsaturated fatty acids in serum PL are also beneficial, but the significance of C20:5 is still controversial. 
